Accepted for publication 29 November 1983. breakage of the dicentric resulted in a chromosome 21 with a small terminal deletion. The mother and the proband's younger brother, who was also a ring 21 heterozygote, were both clinically nornmal.
A high proportion of those who possess a ring chromosome manifest clinical abnormalities owing to the deletion of material from the ends of the affected chromosome, and possibly also to the inherent instability of the ring which leads to dynamic mosaicism. Nevertheless, there are cases recording phenotvpically normal or nminimally affected carriers of an autosomal ring chromosome and in some instances familial transmission has been described. '-3 As far as ring chromosome 21 is concerned, a number of reported cases have occurred in severely affected subjects with certain clinical features in common (reviewed by Ferrante et a14), and other cases have been associated with a Down's syndrome phenotype.5
Not all ring 21 heterozygotes follow these patterns of abnormality, however,2 and in this report we describe a phenotypically normal female heterozygote whose first child, with many clinical features of Down's syndrome, was found to carry a dicentric duplication of chromosome 21 probably resulting from a meiotic crossover between the ring and its normal homologue.
It is believed that the phenomenon of recombination in a ring chromosome heterozygote has not been described previously in These investigations indicated that the abnormal chromosome was structurally dicentric, with suppression of the median centromeric region and breakpoints distal to the NOR in the short arm (pl3) and close to the tip of the long arm (q22-2 or 22-3).
In four out of 50 cells from the cultures grown at birth the dicentric duplication chromosome was absent, and in its place was a 21 which apparently had a terminal deletion of the tip of the long arm (band q22 3) (fig 2) . This chromosome was believed to represent the proximal part of the dicentric +rec(21)dic,r(21)(pl 3q22 *3)mat, although it should be stressed that the ISCN8 makes no specific provision for this particular event and the shorthand form does not account for the subsequent deletion. The dicentric duplication chromosome can also be generated by various types of multiple crossover (see discussion).
Discussion
The detection of recombination in a ring chromosome heterozygote is believed to be extremely rare, firstly because only a very small minority of heterozygotes are clinically normal enough to achieve reproductive status, and secondly because the dicentric duplication chromosome generated by recombination is inherently unstable.
The historv of abnormality and miscarriage in the heterozygote in the present report is not unexpected.
A significant proportion of gametes produGed must be unbaianced as, at meiosis, only a two strand double crossover between the ring and the normal homologue reliably produces balanced gametes. A single crossover results in a significant proportion of unbalanced gametes, not only the dicentric duplication type which we have demonstrated, but also nullisomic and disomic types (fig 4) . Three 
